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Abstract
An epidemiologic study of the autoimmune diseases taken together has not been done heretofore.
The National Patient Register of Denmark is used to estimate population prevalence of 31 possible
or probable autoimmune diseases. Record linkage is used to estimate 465 pairwise comorbidities in
individuals among the 31 diseases, and familial aggregation among sibs, parents and offspring. The
prevalence of any of the 31 diseases in the population is more than 5%. Within individuals, there is
extensive comorbidity across the 31 diseases. Within families, aggregation is strongest for individual
diseases, and weak across diseases. These data confirm the importance of the autoimmune diseases
as a group, and suggest that common etiopathologies exist among them.
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In 2002 the National Institutes of Health Autoimmune Diseases Coordinating Committee
concluded that “the existing data do not allow for reliable estimates of the prevalence of
autoimmune diseases on a national scale”(1). In a review in 1997, Jacobson et al searched for
prevalence studies in the published literature from 1965 to 1997(2). There was heterogeneity
as to the strength of the research literature, according to the disease category. For example, in
that review there were 80 studies of Multiple Sclerosis, 38 of Rheumatoid Arthritis, 23 of
Systemic Lupus Erythematosus, 9 of Myasthenia Gravis, and 15 of Type 1 Diabetes. Most of
the other disease categories in the 24 studied had only a handful of studies, and there were 14
diseases with zero, one, or two studies of prevalence. An update in 2003 added a handful more
of studies to this literature(3).

It has been clear for a long time that most autoimmune diseases are more common in females.
One prior review included 24 diseases (4), and another, 16 diseases(5).
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There are a limited number of studies of comorbidity of autoimmune diseases, that is, more
than one disease occurring in the same individual(6), in spite of the growth in interest in their
commonalities(7). A review of studies of comorbidity, which included case reports on single
individuals, located about two dozen studies in total(8). A systematic review of 52 studies of
comorbidity of Thyroiditis, Type 1 Diabetes, Rheumatoid Arthritis, and Multiple Sclerosis
appeared recently (9). Gershwin et al(10) found prevalence of Systemic Lupus Erythematosis,
Autoimmune Thyroid Disease, Sjogren’s Syndrome, and Polymyositis to be 6-20 times higher
in cases of Primary Biliary Cirrhosis than in controls.

There are a limited number of studies of familial aggregation of autoimmune diseases, and
there is substantial heterogeneity among those that do exist. The majority are uncontrolled
studies on small clinic-based samples, with almost no consideration of confounding factors.
However, a few tentative findings have emerged. Results of a cohort study in Sardinia, Italy
reported a six-fold increased risk of Diabetes in healthy siblings of multiple sclerosis patients,
and greater than a three-fold increased risk of Diabetes in healthy siblings of individuals with
Multiple Sclerosis in the presence of other relatives with Multiple Sclerosis (11). A recent
Danish population-based cohort study confirmed this association; they reported that first-
degree relatives of patients with Multiple Sclerosis had 63% increased risk for the development
of Type I Diabetes (12). Controlled studies also suggest an increased prevalence of Type I
Diabetes within family members of Rheumatoid Arthritis (13,14,15), an increased prevalence
of autoimmune Thyroiditis within families with Type I Diabetes(16), and an increased
prevalence of autoimmune Thyroiditis and Rheumatoid Arthritis within families with
Idiopathic Inflammatory Myopathy (17). An increased risk of autoimmune Thyroiditis,
Rheumatoid Arthritis and Systemic Lupus Erythematosus among other autoimmune diseases
was also reported in families with primary Sjogren ’s Syndrome (18). In another study, relatives
of cases of Primary Biliary Cirrhosis were ten times as likely to have Primary Biliary Cirrhosis
as controls, and prevalence of Systemic Lupus Erythematosis, Autoimmune Thyroid Disease,
and Sjogren’s Syndrome were also significantly elevated in that study(10).

Several studies have also reported an increased risk of multiple sclerosis in first-degree relatives
of Multiple Sclerosis patients(19). A hospital-based case-control study in Norway showed
greater than a 12-fold increased risk of Multiple Sclerosis in first degree relatives of Multiple
Sclerosis patients. This was confirmed in a nationwide cohort study in Denmark, which showed
that first-degree relatives of Multiple Sclerosis patients had a seven-fold increased risk of
Multiple Sclerosis (20). A similar risk was reported in a study using data from the Swedish
Hospital Discharge Register (21).

A focus on one disease at a time may make it difficult to discover clues to etiology(22)
underlying more than one disease, or leading from one to another, in spite of considerable logic
for the presence of a general predisposition to several or many diseases, such as is the case for
autoimmune processes and etiologies. Recognizing these problems, the Autoimmune Diseases
Coordinating Committee recommended population-based disease registries to support “....
comprehensive, multidisciplinary approaches to analyze relationships among autoimmune
diseases....(1).” In this paper we report prevalence, sex ratios, individual comorbidity, and
familial aggregation of 31 autoimmune diseases using population registries of Denmark.

METHODS
Study population

Data from the Danish Civil Registration System(23) was used to identify all persons alive and
living in Denmark on December 31, 2001 (5,472,032 persons). This study population and their
parents and siblings were linked with the National Hospital Register using the unique personal
identification number (CPR number) which is assigned to all persons alive and living in
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Denmark in April, 1968 or later. The National Hospital Register has collected data on all
admissions to Danish Hospitals since 1977. With the exception of very few private clinics
performing a small proportion of elective surgical procedures, it includes information from all
general hospitals in Denmark. Since 1995 it has included all contacts in emergency rooms and
outpatient clinics. All treatment is free of charge for residents of Denmark. From 1977-1993,
people were diagnosed according to the Danish version of the World Health Organization
International Classification of Diseases, eighth revision (ICD8)(24,25) and from 1994 onwards
according to the International Classification of Diseases 10th edition (ICD10)(26). The period
of the case definition includes an era in which ICD8 was in use and a period where ICD10 was
in use. The classification of diseases changed somewhat over this period. The general tendency
of the change was to specify more precisely the potential autoimmune aspects of diseases.

This study focused on 31 probable or possible autoimmune diseases (Table 1). People in the
study population were classified with a history of an autoimmune disease if they have been
admitted to hospital or been in outpatient care in a hospital-based clinic with a diagnosis of the
disease in question before January 1, 2002. The names given here for the disease are as stated
in the ICD10, with the codes chosen to isolate as closely as possible the form of the disease
with the autoimmune basis. This manner of analysis provides for each person to have a history
of more than one autoimmune disease.

The National Hospital Register has advantages not found in other epidemiologic research
studies. For example, it is unlikely another type of research than register-based would generate
data across such a broad range of autoimmune diseases as considered here. In the National
Hospital Register cases not treated in hospitals or hospital based clinics will not be recorded,
as well as cases not in the medical system at all. Some diseases, such as hypothyroidism and
Type 1 diabetes, may be effectively treated in primary care and thus not enter the registers at
each visit, but we expect that many of the persons with autoimmune diseases are likely to
eventually come to the attention of specialists even if care is initially provided by a primary
care practitioner.

Estimation of Prevalence
The focus here is on the lifetime prevalence of disease, which we define as the proportion in
the population in 2001 which has the disease currently or has a history of the disease. The life
time prevalence for each disease was estimated as the proportion of the persons alive and living
in Denmark on December 31, 2001 who were diagnosed with the disease in the period from
1977 to 2001. Individuals with more than one disease were counted in the numerators of each
disease. Since the register began operation in 1977, there is a full record on all diagnoses given
at Danish hospitals only for persons younger than 25 years of age on December 31, 2001.
Persons older than that will enter the data-set only if a visit is recorded after 1977. This implies
an underestimation of the prevalence.

Estimation of Comorbidity
For each of the 465 pairwise combinations of the 31 diseases, logistic regression (LOGISTIC
procedure in SAS version 9.1) was used to estimate the ratio of the odds of having a history
of a disease among people with and without a history of the other disease. To account for age
and sex specific variation in the occurrence of the disease, all estimates of odds ratios were
adjusted for sex and its interaction with age (on December 31, 2001). For most diseases age
was categorized in 5 year intervals up to 80 years, while for the more rare diseases 10 year
intervals were used. The youngest age group was sometimes grouped in larger intervals (0-9,
0-19 or 0-29 years). The lower 95% confidence limit was calculated by Wald’s test.

Eaton et al. Page 3

J Autoimmun. Author manuscript; available in PMC 2009 July 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



For each pairwise combination of diseases the expected number of people with both diseases
was calculated as the sum of expected cases for each sex on the assumption of no association
between the two diseases. The rarity of the autoimmune diseases makes estimation of
confidence intervals problematic when studying comorbidity, because there are so few co-
occurring cases, even in the entire population. The estimation of the confidence interval is
called into question when the number of cases expected on the hypothesis of no association is
below 5, as it is for many of the co-occurrences in Table 2. Table 2 shows observed, not
expected cases, above the diagonal. To ensure that the reader is appropriately circumspect
about this issue, we have italicized entries above the diagonal in Table 2 when the expected
numbers of cases is lower than 5, and the presentation includes explicit designation of low
frequency situations.

Familial aggregation for diseases was studied in similar fashion. We also adjusted for the three
variables indicating whether the identity of the mother and father are known and whether we
know the identity of any siblings. The situation in which the expected number of co-occurring
cases, on the hypothesis of no association, was less than 5, is noted in the presentation.

The study was approved by the Danish Data Protection Agency.

RESULTS
The 31 individual autoimmune diseases are rare, in general, but vary in lifetime prevalence by
about two orders of magnitude, from Pemphigus (0.04/1000) and Primary Biliary Cirrhosis
(0.12/1000), with less than than 20 per 100,000, to nearly 10 per 1000 (that is, one percent, as
with Diabetes and Myositis: Table 1). The column entitled “prior studies” shows data from the
two prior reviews (2,3). Eight studies appearing after those reviews or for diseases not included
in those reviews are added to Table 1. For six of the 31 diseases there are no prior estimates
of prevalence.

The total number of persons with one or more autoimmune disease is 289,228. The lifetime
prevalence proportion for any autoimmune disease among the population of 5,472,032 is thus
5.29%. The portion of Table 2 above the diagonal may be used to estimate the lifetime
prevalence of any pair of co-occurring diseases, using the figure in the table as the numerator
and the total population of Denmark in 2001 as the denominator. Thus, for example, the
prevalence of the co-occurrence of type 1 diabetes and rheumatoid arthritis is 616/5,472,032,
or about 1 in 10,000. It is also possible to estimate the number with either disease, by adding
the two prevalence frequencies in Table 1 and subtracting the number of jointly occurring
cases.

Most autoimmune diseases are more common in females (Figure 1). Sjogren’s Syndrome, the
thyroid diseases, SLE, and scleroderma (systemic sclerosis) are dominated by females, in close
agreement with data presented on 10 diseases by Whitacre(4). There is good agreement on four
further diseases presented here and in that earlier work (rheumatoid arthritis, multiple sclerosis,
ulcerative colitis, and Type 1 diabetes: our presentation does not include sarcoidosis).

There is considerable comorbidity in the autoimmune diseases, shown in the numbers of co-
occurring cases above the diagonal, and the Odds Ratios below the diagonal, in Table 2. In 31
diseases, there are 465 combinations of two diseases, as in the Table. The Odds Ratios are
estimated from the logistic regression predicting one disease from another, with the sample
size being the population of Denmark on December 31, 2001 (5,472,032) and the numbers of
cases as in Table 1: for example, 34,434 cases of Thyrotoxicosis; 3,388 cases of Thyroiditis,
and so forth. The strength and statistical stability of the Odds Ratios are distinguished using
italicized and boldface fonts. Odds Ratios whose lower 95% confidence limit is greater than
5.0 are in boldface and italicized; Odds Ratios whose lower 95% confidence limit is between
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3.0 and 5.0 are boldface; other Odds Ratios are in normal font. Boldfaced Odds Ratios are
underlined when the expected number of cases with both diseases is above 5 on the hypothesis
of no association between the two diseases—these represent the strongest evidence of
comorbidity. Blanks in the table indicate no co-occurring cases in the population at all (36
pairwise combinations with not a single co-occurring case in the entire population of Denmark).
For efficiency of presentation, below, the boldface Odds Ratios are collectively denoted as
“high.” We have examined the 465 Odds Ratios for each sex and not been struck by the
differences in comorbidity, and for efficiency present the sexes combined in Table 2. The
middle column in Table 1 helps assess the degree of comorbidity, reporting, for each disease,
the number of other diseases with “high” Odds Ratios. The connective tissue diseases have
higher comorbidities, in general, than other diseases: for example, there are 14 other diseases
which are highly comorbid with Systemic Lupus Erythematosus; and likewise 14 with
Sjogren’s Syndrome. This compares with relatively limited comorbidity of the thyroid diseases,
for example, and no diseases comorbid with Endometriosis (females only). The presence of
comorbidities reported to be “high” is influenced by the prevalence of the diseases, because
the confidence intervals for rare diseases are wider.

The pattern of comorbidities is diverse. The general pattern is for the presence of any one
disease to be associated with higher prevalence of any other. Of the 429 Odds ratios estimated,
only 12 were less than 1.0, indicating a negative association (possibly “protective” effect) of
one disease against another. There are 101 out of 465 “high” Odds Ratios in Table 2. The Odds
Ratios for the two sexes (not shown) have roughly similar patterns: 50 of the “high” Odds
Ratios reported by males are reported also for that pair of diseases for females. Endometriosis,
for which the evidence of autoimmune cause is relatively weak (27), has the lowest
comorbidity, with no “high” odds ratios.

The pattern of co-occurrence in families differs distinctly from that in individuals, in that it is
concentrated in single diseases. Three separate tables of 465 pairwise odds ratios for familial
aggregation in sibs, parents, and for sibs and parents combined were estimated, but they are
not shown because there was not a single odds ratio that would be designated as “high”
according to the threshold discussed above with reference to Table 2. Therefore, the
presentation focuses on the familial aggregation of individual diseases (Table 3). Two of the
diseases had no co-occurring cases in families (Wegener’s Granulomatosis and Pemphigus),
and 16 others (denoted with asterisks) had expected numbers of co-occurring cases less than
five, leading us to be cautious about the interpretation of the results. For four other diseases
(Acquired Hemolytic Anemia, Primary Biliary Cirrhosis, Pemphigoid, and Dermatomyositis)
there were no cases among either the parents or sibs. For these diseases the overall parent-or-
sib odds ratio will necessarily be lower than the respective sib odds ratio or parent odds ratio,
because the number of people with both a personal history and a family history of the disease
is the same in the two situations but the number of people with a family history and without a
personal history of the disease is larger when both parents and siblings are considered.

There is considerable familial aggregation in almost all 31 diseases. The possible exceptions,
with overall parent and sib odds ratios below 3.0, are Guillain Barre Syndrome (2.3; 95% CI
1.3-4.1), Intersitital Cystitis (1.7; 95% CI 1.6-1.9), and Myositis (2.2; 95% CI 2.1-2.4).
Endometriosis, with a limited number of expected cases, also had low familial aggregation.
There are several diseases with odds ratios above 20.0 (Other Adrenal Gland, Intestinal
Malabsorption, Primary Biliary Cirrhosis, Alopecia Areat, and Myasthenia Gravis, and
Purpura, but with the exception of Purpura (22.0, 95% CI 19.4-27.0) these all have small
numbers of cases. Purpura, Psoriasis, Multiple Sclerosis, and Crohn’s disease have the
strongest and most credible evidence for familial aggregation.
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The odds ratios for sibs are higher than the odds ratios for parent to child aggregation, which
suggests common environmental influences over and above genetic transmission. For more
than ten diseases the sib odds ratio is more than double the parent to offspring odds ratio. The
only exceptions to this trend are Polymyalgia Rheumatica and Myasthenia Gravis.

DISCUSSION
Many autoimmune diseases are rare enough to suspect that estimates from earlier smaller
studies are unstable. Comparison of the prevalence in Denmark with data from prior studies is
fraught with difficulties since there are ethnic and national differences in the prevalence of the
diseases. For some diseases there are discrepancies that suggest under-reporting in the context
of the health system in Denmark. For example, the estimate of the lifetime prevalence of
Autoimmune Thyroiditis is less than one tenth the estimate from prior research, and it seems
possible that this condition is frequently treated without recourse to specialty care. Likewise,
it may be that Vitiligo is less frequently noticed and treated in Denmark than in countries with
darker-skinned populations. For some diseases, such as Type 1 Diabetes, the prevalence in this
study is higher than prior research would suggest. This may have resulted from diagnosing and
reporting in the register Type 2 diabetics who were taking insulin as Type 1.

The analysis with register data is inevitably tied to the International Classification of Diseases,
with its strengths and limitations. Some potentially important autoimmune diseases are not
included (e.g., Anti-Phospholipid Syndrome); and for others, autoimmune etiologies may not
be totally isolated (e.g., Diabetes in ICD-8); for yet others, interesting subcategories of disease
are not available for analysis (e.g., subcategories of Autoimmune Thyroiditis, listed under
ICD-9 E06.3 but not with separate designations). The diagnoses are those recorded by treating
physicians in the routine practice of care.

The results on comorbidity are consistent with a prior systematic analysis in finding positive
association between Autoimmune Thyroiditis and Type 1 Diabetes, and Autoimmune
Thyroiditis and Rheumatoid Arthritis, and a negative association between Multiple Sclerosis
and Rheumatoid Arthritis(9). The results on Primary Biliary Cirrhosis and Systemic Lupus
Erythematosis, and Sjogren’s Syndrome, are consistent with an earlier case control study, but
the low comorbidity found in Denmark for Primary Biliary Cirrhosis and Autoimmune Thyroid
Disease is not consistent with the relatively high comorbidity found in that earlier study(10).
Prior data are from uncontrolled studies, for the most part, and the results presented here have
broad confidence intervals, so that the confirmation is only suggestive. The results presented
here are to be considered exploratory, awaiting further confirmation. In some cases, such as
the Odds Ratio of 213.0 for Primary Biliary Cirrhosis and Chronic Active Hepatitis, there may
be misdiagnosis, shifting from one to the other on successive specialist visits; or the diseases
themselves may employ related pathogenetic processes (e..g, Multiple Sclerosis and Guillain-
Barré syndrome both involving demyelinization: OR of 19.2). Some comorbidities may
represent clinical overlap (e.g., Pemphigus and Pemphigoid: OR of 347.5). The disease with
the lowest degree of comorbidity was Endometriosis, which suggests it belongs to another
family of diseases than Autoimmune.

Some diseases, such as Celiac Disease or Rheumatoid Arthritis, have comorbidities extending
across the entire range of the autoimmune diseases. There may be a common cause linked to
a consequence of the disease. For example, the comorbidity associated with Celiac Disease
may be related to increased permeability of the intestine, allowing passage of a wide range of
antigen-like substances which may stimulate autoimmune processes in various organ systems
(28,29,30,31,32). Prior research on comorbidity of Celiac Disease and Primary Biliary
Cirrhosis estimated incidence rate ratios (IRR’s) based on two co-occurring cases in Denmark
(IRR of 27.6) and 22 co-occurring cases in Sweden (IRR of 25.1) (33). These estimates are
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higher than our odds ratio of 6.8 in Table 2, based on three co-occurring cases. However these
authors failed to adjust for age and sex, which may have heightened the degree of association,
since sex is strongly associated with Primary Biliary Cirrhosis. Even with these differences all
three estimates show what might be termed high comorbidity. For many diseases the high
comorbidities are for diseases within the same organ system, such as the odds ratios within the
connective tissue diseases or the endocrine diseases—for these diseases the common process
may be local to that system. Some of the high comorbidities reported here would not have been
predicted from the literature or from what is known about the diseases to date, such as the
comorbidity of Pemphigoid and Celiac Disease (OR of 54.9).

Many pitfalls exist in the data. Due to the potential incomplete registration of both diseases in
question, estimates of odds ratios may be biased if admission with an autoimmune disease
changes the likelihood of being registered with another previously undiagnosed autoimmune
disease. This bias would exist also for occurrence in families, and perhaps most strongly in
sibs. This bias is likely to be high (34). Furthermore, it could be the situation that the diagnoses
themselves generate positive biases, in that clinicians examining a medical record may be more
likely to diagnose a disease which they perceive to be likely. Possibly these comorbidity biases
are stronger within individuals than within families.

The comorbidity may represent common etiopathologic processes. One possibility is a shared
genetic basis(35,36), generating a system-wide lower threshold for recognition of self antigens
as foreign. But the high individual comorbidity, compared to relatively lower familial
aggregation, suggests that genes common to the group of autoimmune diseases as a whole are
only a part of the explanation. Prior results on familial aggregation across different diseases is
scant (reviewed above), but these data from Denmark do not confirm some prior results. For
example, the odds ratio for Diabetes for those with Multiple Sclerosis in the family, versus
those with no Multiple Sclerosis in the family, is about 1.0 in these data; the analogous odds
ratio for Diabetes with Rheumatoid Arthritis in the family is about 1.5; for Diabetes and
Autoimmune Thyroiditis about 1.5; for Autoimmune Thyroiditis and Rheumatoid Arthritis
about 1.3 (data not shown in tables). The high familial aggregation for individual diseases
suggests that the genetic origins of the diseases are specific, not general. The tendency for
familial aggregation to be stronger in sibs than from parents to offspring suggests a common
environmental cause, not a genetic cause. These results are consistent with a gene by
environment interaction which is one feature of many autoimmune diseases(37,38)

The prevalence of most autoimmune diseases is low, in general. But when considered
collectively, as here, they represent a sizable prevalence of more than 5%-- the first available
systematic data on this particular issue. These results suggest more conclusively than has been
known before the extensive comorbidity between autoimmune diseases. These comorbidities
deserve further exploration for possible etiologic clues that may emanate from linking one set
of findings on pathogenesis to another.
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Figure 1.
Prevalence of 31 autoimmune diseases by sex

Eaton et al. Page 11

J Autoimmun. Author manuscript; available in PMC 2009 July 28.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Eaton et al. Page 12
TA

B
LE

 1
Li

fe
tim

e 
Pr

ev
al

en
ce

 o
f 

31
 A

ut
oi

m
m

un
e 

D
is

ea
se

s 
Fr

om
 tw

o 
R

ev
ie

w
s 

an
d 

am
on

g 
5,

47
2,

03
2 

pe
rs

on
s 

in
 D

en
m

ar
k 

in
 2

00
1 

pe
r 

10
00

po
pu

la
tio

n

D
is

ea
se

IC
D

8
IC

D
10

N
um

be
r 

of
 “

H
ig

h”
C

om
or

bi
di

tie
s$

Pr
io

r 
St

ud
ie

s*
N

um
be

r 
of

 C
as

es
†

Pr
ev

al
en

ce

Th
yr

ot
ox

ic
os

is
24

2.
0

E0
5

1
11

.5
1

34
,4

34
6.

29

A
ut

oi
m

m
un

e 
Th

yr
oi

di
tis

24
5

E0
6.

3
5

7.
92

#
3,

38
8

0.
62

In
su

lin
 D

ep
en

de
nt

 D
ia

be
te

s
25

0.
0

E1
0

6
1.

92
£

51
,7

83
9.

46

Pr
im

ar
y 

A
dr

en
oc

or
tic

al
 In

su
ff

ic
ie

nc
y

25
5.

1
E2

7.
1

7
0.

14
98

3
0.

18

C
el

ia
c 

D
is

ea
se

26
9.

0
K

90
.0

9
9.

9a
2,

72
2

0.
50

Pe
rn

ic
io

us
 A

ne
m

ia
28

1.
0

D
51

.0
8

1.
51

2,
94

7
0.

54

A
ut

oi
m

m
un

e 
H

ae
m

ol
yt

ic
 A

ne
m

ia
28

3.
9

D
59

.1
11

--
91

2
0.

17

Id
io

pa
th

ic
 T

hr
om

bo
cy

to
pe

ni
c 

Pu
rp

ur
a

28
7.

19
D

69
.3

3
--

3,
94

0
0.

72

M
ul

tip
le

 S
cl

er
os

is
34

0.
0

G
35

4
0.

58
9,

96
1

1.
82

G
ui

lla
in

 B
ar

re
 S

yn
dr

om
e

35
4.

0
G

61
.0

6
∼

0.
38

b
3,

92
6

0.
72

Ir
id

oc
yc

lit
is

36
6.

0
H

20
5

0.
02

8,
12

6
1.

49

W
eg

en
er

’s
 G

ra
nu

lo
m

at
os

is
44

6.
29

M
31

.3
6

0.
03

56
8

0.
10

C
ro

hn
’s

 D
is

ea
se

56
3.

0
K

50
2

0.
54

c
12

,3
09

2.
25

U
lc

er
at

iv
e 

C
ol

iti
s

56
3.

19
K

51
5

1.
61

d -
20

,6
69

3.
78

Pr
im

ar
y 

B
ili

ar
y 

C
irr

ho
si

s
57

1.
90

K
74

.3
10

0.
04

66
6

0.
12

C
hr

on
ic

 H
ep

at
iti

s, 
n.

e.
c.

57
1.

93
K

73
11

0.
00

4
2,

47
2

0.
45

In
te

rs
tit

ia
l C

ys
tit

is
59

5.
0

N
30

.1
3

3.
0e

39
,4

96
7.

22

En
do

m
et

rio
si

s
62

5.
3

N
80

0
--

26
,8

82
4.

91

Pe
m

ph
ig

oi
d

69
3

L1
2.

0
5

--
89

5
0.

16

Pe
m

ph
ig

us
69

4
2

--
19

5
0.

04

Ps
or

ia
si

s v
ul

ga
ris

69
6

L4
0.

0
6

15
.0

f
10

,7
88

1.
97

A
lo

pe
ci

a 
A

re
at

a
70

4.
00

L6
3

5
17

.0
g --

1,
17

2
0.

21

V
iti

lig
o

70
9.

0-
19

L8
0

10
4.

0
1,

57
6

0.
29

Se
ro

po
si

tiv
e 

R
he

um
at

oi
d 

A
rth

rit
is

71
2

M
05

10
8.

6¤
20

,8
31

3.
81

D
er

m
at

op
ol

ym
yo

si
tis

71
6

M
33

12
0.

05
94

9
0.

17

M
yo

si
tis

71
7.

90
M

60
4

--
45

,0
51

8.
23

Po
ly

m
ya

lg
ia

 R
he

um
at

ic
a

71
7.

99
M

31
.5

3
6.

1h
6,

13
6

1.
12

J Autoimmun. Author manuscript; available in PMC 2009 July 28.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Eaton et al. Page 13

D
is

ea
se

IC
D

8
IC

D
10

N
um

be
r 

of
 “

H
ig

h”
C

om
or

bi
di

tie
s$

Pr
io

r 
St

ud
ie

s*
N

um
be

r 
of

 C
as

es
†

Pr
ev

al
en

ce

M
ya

st
he

ni
a 

G
ra

vi
s

73
3.

09
G

70
.0

&
6

0.
05

97
7

0.
18

Sy
st

em
ic

 S
cl

er
os

is
73

4.
0

M
34

9
0.

04
1,

25
7

0.
23

Sy
st

em
ic

 L
up

us
 E

ry
th

em
at

os
is

73
4.

19
M

32
.1

@
14

0.
24

1,
73

2
0.

32

Sj
og

re
n’

s S
yd

ro
m

e
73

4.
90

M
35

.0
14

0.
14

2,
61

5
0.

48

N
ot

es
 fo

r T
ab

le
 1

&
In

cl
ud

in
g 

G
70

.0
, G

70
.2

, G
70

.8
 a

nd
 G

70
.9

@
In

cl
ud

in
g 

M
32

.1
, M

32
.8

 a
nd

 M
32

.9
.

$ A
 “

hi
gh

” 
co

m
or

bi
di

ty
 is

 d
ef

in
ed

 in
 th

e 
te

xt
.

* Pr
io

r s
tu

di
es

 fr
om

 re
vi

ew
 o

f J
ac

ob
so

n 
et

 a
l, 

19
97

, a
s u

pd
at

ed
 b

y 
C

oo
pe

r e
t a

l, 
20

03
.

# A
ge

s >
 1

9.

£ A
ge

s <
 2

0.

¤ A
du

lt

† Th
e 

sp
ec

ifi
c 

au
to

im
m

un
e 

di
se

as
es

 a
re

 n
ot

 m
ut

ua
lly

 e
xc

lu
si

ve
: t

ha
t i

s, 
a 

pe
rs

on
 m

ay
 h

av
e 

m
or

e 
th

an
 o

ne
 a

ut
oi

m
m

un
e 

di
se

as
e.

a (3
9)

b (4
0)

. I
nc

id
en

ce
 w

as
 e

st
im

at
ed

 in
 th

at
 st

ud
y 

as
 1

.2
6/

10
0,

00
0/

ye
ar

. A
ss

um
in

g 
lit

tle
 m

or
ta

lit
y 

an
d 

30
 y

ea
rs

 o
f r

is
k,

 th
e 

pr
ev

al
en

ce
 w

as
 e

st
im

at
ed

 to
 b

e 
37

.8
.

c (4
1)

d (4
2)

e (4
3)

f (4
4)

g (4
5)

h (4
6)

J Autoimmun. Author manuscript; available in PMC 2009 July 28.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Eaton et al. Page 14

Table 2
Comorbidity of 31 Autoimmune Diseases in Denmark Numbers of Co-occurring
Cases above the diagonal Pairwise Odds Ratios Below the Diagonal
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Numbers of Co-occurring Cases are italicized if the number of expected cases with both diseases is below 5 on the assumption of no association

Odds Ratios with Lower 95% Confidence Intervals > 5.0 are boldface and italicized

Odds Ratios with Lower 95% Confidence Intervals > 3.0 and < 5.0 are boldface

Boldfaced Odds Ratios are underlined if the number of expected cases with both diseases exceeds 5 on the assumption of no association
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Table 3
Familial Aggregation of 31 Autoimmune Diseases† in Denmark

Disease in cohort member Odds Ratio (95% Confidence Interval)

History of the given disease in:

Parents or Sibs Parents Sibs

Thyrotoxicosis 3.4 (3.1-3.6) 2.9 (2.6-3.1) 5.2 (4.6-6.0)

Thyroiditis* 13.9 (9.8-19.6) 9.2 (5.7-14.6) 30.1 (18.2-49.7)

Type I Diabetes 4.0 (3.8-4.2) 3.0 (2.9-3.2) 8.8 (8.3-9.4)

Other Adrenal Gland* 68.4 (43.9-106.7) 29.3 (13.9-62.1) 205.4 (123.1-342.7)

Intestinal Malabsorption* 53.0 (44.0-63.8) 41.8 (32.5-53.9) 83.2 (66.0-104.9)

Pernicious Anemia* 16.2 (9.9-26.6) 12.5 (7.0-22.4) 57.4 (23.3-141.3)

Acquired Hemolytic Anemia* 3.6 (0.5-25.8) 15.2 (2.1-108.4)

Purpura 22.9 (19.4-27.0) 22.8 (18.2-28.6) 32.0 (26.4-38.8)

Multiple Sclerosis 6.0 (5.2-6.7) 5.3 (4.5-6.3) 7.1 (5.8-8.8)

Guillain Barre Syndrome 2.3 (1.3-4.1) 1.7 (0.8-3.5) 5.0 (2.1-12.1)

Uveitis 3.3 (2.6-4.2) 2.9 (2.1-4.0) 4.1 (3.0-5.8)

Wegener’s Granulomatosis

Crohn’s Disease 5.4 (4.8-6.0) 5.1 (4.3-5.9) 5.7 (4.9-6.6)

Ulcerative Colitis 4.4 (4.1-4.8) 4.1 (3.7-4.6) 5.0 (4.5-5.6)

Primary Biliary Cirrhosis (90%)* 31.5 (9.9-100.2) 35.0 (11.0-111.4)

Chronic Active Hepatitis* 8.3 (5.1-13.4) 5.3 (2.6-10.6) 16.8 (8.7-32.6)

Interstitial Cystitis 1.7 (1.6-1.9) 1.6 (1.4-1.7) 2.2 (2.0-2.5)

Endometriosis* 2.3 (2.1-2.5) 1.9 (1.7-2.2) 2.8 (2.5-3.2)

Pemphigoid* 23.1 (9.5-56.1) 32.6 (13.4-79.4)

Pemphigus

Psoriasis 7.5 (6.7-8.5) 7.3 (6.3-8.4) 8.6 (7.1-10.5)

Alopecia Areata* 22.7 (13.1-39.4) 10.7 (3.4-33.4) 33.6 (18.0-63.0)

Vitiligo* 7.9 (4.1-15.2) 5.1 (1.7-15.9) 10.8 (4.8-24.3)

Seropositive Rheumatoid Arthritis 3.4 (3.0-3.8) 3.0 (2.6-3.4) 5.9 (4.7-7.4)

Dermatomyositis* 3.9 (0.6-27.7) 4.9 (0.7-35.2)

Myositis 2.2 (2.1-2.4) 2.1 (1.9-2.2) 2.6 (2.3-2.9)

Polymyalgia Rheumatica 3.6 (2.2-5.7) 3.6 (2.2-6.0) 3.2 (0.8-12.8)

Myasthenia Gravis* 78.5 (49.7-124.1) 92.7 (57.3-149.8) 91.3 (40.4-206.4)

Scleroderma* 7.2 (2.3-22.6) 2.9 (0.4-20.9) 26.2 (6.5-105.5)

Systematic Lupus Erythematosis* 18.1 (11.7-28.0) 5.8 (2.4-14.0) 48.9 (29.5-81.1)

Sjogren’s Syndrome* 12.8 (7.0-23.3) 14.8 (8.1-27.0) 16.6 (4.1-67.1)

†
ICD definitions of Diseases as categorized as Table 1.

*
Less than five co-occurring cases in the family expected on the hypothesis of no association
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